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Abstract 



We study baryogenesis through lepton number violation in left-right sym- 
metric models. In these models the lepton number and CP violating inter- 
actions of the triplet higgs scalars can give rise to lepton number asymmetry 
through non-equilibrium decays of the SU{2)l triplet higgs and the right 
handed neutrinos. This in turn generates baryon asymmetry during the elec- 
troweak anomalous processes. 



Cosmological baryon excess can be generated from the initial condition 
5 = if there is out-of-equihbrium baryon number violation along with 
CP violation [|T|. However, the sphaleron induced, anomalous electroweak, 
process will wash out all the {B — L) conserving baryon asymmetry p[ which 
is generated at the grand unified scale. The ratio 

^ = (4 - 7) X 10-^° 

required by the standard big-bang model, can then be explained if there were 
primordial {B — L) asymmetry. Since the lowest dimensional operators for 
the proton decay conserve {B — L), it is unlikely that grand unified theo- 
ries can generate enough {B — L) asymmetry. Two interesting possibilities 
then remain open. In the first one the observed asymmetry is generated 
just after the electroweak phase transition |^. In this case the electroweak 
phase transition has to be strongly first order so that after the transition 
the anomalous process is already too weak to erase the generated asymme- 
try. The second possibility is the one where {B — L) asymmetry is generated 
during the anomalous electroweak process. If there are lepton number violat- 
ing, out-of-equilibrium, interactions which violate CP, then during the epoch 
when the {B + L) violating anomalous processes are in equilibrium in the 
universe, this lepton asymmetry can generate enough {B — L) asymmetry. 
Some time back Fukugita and Yanagida @, |^, P| proposed this possibility, 
where the right handed neutrinos decay into light leptons and antileptons 
in different proportions when CP is violated 0. This lepton asymmetry 
in turn generates baryon asymmetry. They considered an extension of the 
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standard model which contains singlet right handed neutrinos and the lepton 
number is broken explicitly by the Majorana mass terms of the right handed 
neutrinos. 

In this article we discuss the possibility of baryon asymmetry in models 
where {B — L) is broken spontaneously rather than putting in an explicit 
[B — L) violating interaction. This is natural in the left-right symmetric ex- 
tension of the standard model . The spontaneous breaking of {B — L) give 
rise to lepton number violating interactions of the triplet higgs scalars. This 
can then generate lepton asymmetry if there is also CP violation through 
decays of the higgs and the heavy neutrinos. This generates enough baryon 
asymmetry during the electroweak anomalous process. We use the conven- 
tional choice of the higgs scalars for the breaking of the left-right symmetry, 
which also gives Majorana mass to the neutrinos. We also discuss an alter- 
native, where the left-right parity is broken spontaneously 

In the left-right symmetric model P], the standard electroweak theory 
Gstd = SU {3)c<SiSU (2) i ® f/(l)y emerges at low energy as a result of symme- 
try breaking of a larger group Glr = SU{3)c ® SU{2) l ® SU{2)r ® U{1) b-l- 
The vacuum expectation value {vev) of the right handed triplet higgs field 
(1,1,3,-2), breaks the gauge group Glr ^ Gstd- Left-right symmetry implies 
the existence of another higgs field Al which transforms as (1,3,1,-2) under 
Glr- a higgs doublet field (1,2,2,0) breaks the electroweak symmetry and 
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gives masses to the fermions. The Yukawa couphngs are 

The scalar interactions which are of importance for the generation of lepton 
number excess are 

Cm = g{A[AR(P(P + AlAJ^00) + h.c. (2) 

The minimization of the complete scalar potential gives a relation between 
the vevs of these fields. Since right handed gauge bosons have not been 
observed, we are only interested in vl 7^ vr, where vl^r and v are the vevs of 
the fields A^ r and respectively. If the left-right parity {D— parity) is not 
broken, then the masses of the fields and Ar remains same even after 
the breaking of Glr, i-e., m^j^ = m^^ = tjia ~ vr. The vevs of the fields 
Al r and are related by vl ~ v^/vr. This allows a see-saw suppression of 
the vev of A^ compared to Ar. 

In these models {B — L) is a local symmetry. The breaking of the group 
Glr. gives spontaneous breaking of the {B — L) symmetry. Thus vevs of the 
higgs scalars A^^r give rise to baryon and lepton number violating interac- 
tions by two units, which can allow Majorana mass of the neutrinos and also 
neutron-antineutron oscillations. In the model considered by Fukugita and 
Yanagida 0], there was a Majorana mass term for the neutrinos which vio- 
lated explicitly lepton number conservation. Such lepton number violating 
interactions gives rise to baryogenesis via leptogenesis through the decay of 
the heavy right handed neutrinos. In the left-right symmetric theories there 
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exists other processes which arise from the lepton number violating inter- 
actions of the scalar fields. They can allow lepton asymmetry through the 
non-equilibrium decay of the left-handed higgs triplet and the right handed 
neutrinos, which then generates baryon asymmetry through sphaleron pro- 
cesses. 

Following Eq. (|l|), Al^h can decay into two neutrinos, into two 

antineutrinos 

Al,r Vl,r + Vl,r (3) 
AU ^ ^l,R + l^%R (4) 

Equation (2) gives lepton number violating scalar interactions of A^ and A/j, 
which is generated by the {B — L) violating vevs of Ar^l- Together with (|^) 
and (^, these lepton number violating interactions then give 

Al,R -^0 + 

To generate excess lepton number however, we need to violate CP and have 
an imaginary one-loop radiative correction. In principle, there can be a, 
rephasing invariant, complex phase in the Yukawa couplings, which can give 
CP violation. The interference of the tree level diagram and the one loop 
diagram of Fig.l can then give rise to an asymmetry in the decay modes of 
(H) and (H) for the left-handed triplets A/,. For the right-handed triplet Ar 
the loop integral is real since the left-handed neutrinos, which enter in the 
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loop, are light. This implies that the decay of the right-handed triplet higgs 
cannot generate any lepton asymmetry. The magnitude of the asymmetry 
generated by the left-handed triplet Al decays is given by, 

1 g* 

4:1T\tL,R\ J[R,L]kk 

In general, the quantity [g* f[L,R]ijfikfjk] can contain a, rephasing invariant, 
CP violating phase and so can be complex 0. This generates the lepton 
number excess in the decays of the SU{2)l higgs triplets A^. Note that in 
the loop integral the vev {vr) of the triplet field Ar enters in the coupling of 
the Ai to and cancels with that in the propagator of the neutrinos. Hence 
the decays of A^ are not suppressed by any vevs. 

Lepton number asymmetry is also generated by the heavy right handed 
neutrino decays. The vev of Ar spontaneously gives a Majorana mass to the 
right handed neutrinos. This in turn allows the decay of vr into a lepton and 
an antilepton, 

l^iR IjL + (6) 

- hL+<t>- (7) 

In the case of right-handed neutrinos there are two types of loop diagrams 
which can interfere with the tree level decays of (|^) and (|^) which are shown 
in Fig. 2. The interference of the tree level diagram and the one loop diagram 
of Fig. 2 (a) generates lepton asymmetry of a magnitude similar to that of 
the triplet higgs decay. There is one additional contribution to the lepton 
asymmetry generated by the interference of the tree level diagram and that of 



Fig.2(b). This second contribution is similar to the ones studied in the earher 
papers on leptogenesis, where lepton number is broken exphcitly through the 
Majorana mass term of the right handed-neutrinos Q . The magnitude 

of this lepton number excess is given by, 

e.-^^Im[/.././-,i7,]-^. (8) 

For the generation of the lepton number asymmetry we require another in- 
gredient, namely, the decay rates should satisfy the out-of-equilibrium limit. 
The process (say, X-decay) which generates the lepton asymmetry should 
satisfy 

Tx<l.l^^ at T = Mx (9) 

Mpi 

and should decouple after the other particles whose decay violates lepton 
number have already decayed away and no other lepton number violating 
processes are in equilibrium. Otherwise after the X-decay has generated the 
asymmetry and already decayed, the other processes in equilibrium will again 
erase the asymmetry generated by the X-decay. 

We now have to consider only the A^, A/j and vm decay processes 
(we assume vm to be the lightest of the right handed neutrinos). The decay 
widths for A/^jj and vir are, 

rA,,. = ^^t^M^ and r.,« = ^^^ (10) 

where Mj^ is the mass of vi^. Since the masses of all these fields are of 
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the same order of magnitude ~ vr, we have to consider all of them for the 
understanding of the lepton number generation. 

If An is heavier than the other particles, then the lightest of or i^r 
(with mass m, say) should satisfy the out-of-equilibrium condition. Then, 
at T = m, all other fields have decayed away since the inverse reactions are 
not allowed by phase space. The lepton number is generated by the lightest 
of or ur. However, if both A^ and Ufi satisfy then the total lepton 
number generated is the sum of the contribution from and z/^. 

On the other hand if A^ is lighter, then in addition to the Al or uji 
(whichever is the lightest), Aji should also satisfy the out-of-equilibrium con- 
dition. Otherwise it will wash out the lepton number excess generated by the 
other particles. Although A/j can not generate lepton asymmetry since the 
loop integral is real, its equilibrium decay can make the number of leptons 
to be same as the number of antileptons. 

If the Yukawa coupling for the first generation of neutrinos is of the order 
of ~ 10~^, then the out-of-equilibrium condition requires M > 10^ GeV. This 
constraint is satisfied by most of the left-right symmetric models. However, 
if left-right symmetry is observed at around a few TeV, then the baryon 
asymmetry has been generated through some other mechanism or else the 
Yukawa couplings for the triplet higgs should be < 10"''. If the out-of- 
equilibrium condition is satisfied, then the next question will be whether the 
es can be of the right order of magnitude to generate the observed baryon 
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asymmetry. However, given the uncertainty in the Yukawa and the quartic 
scalar couphngs, it is always possible to find a suitable choice of parameters 
which can produce the right amount of baryon asymmetry. 

There is another variation of the left-right symmetric model in which the 
left-right D-parity is broken spontaneously. Under D-parity the scalar and 
the fermionic fields transform as /S.l^r ^r,l and ipL,R — ^ i'R,L, while 
stays the same. This D-symmetry can be broken by the vev of the singlet 
field rj (1,1,1,0), which transforms under D as t] —* —77. In the presence of 
the field 77 the lagrangian will now contain new terms, 

which can then allow a different scenario for the vevs and masses. One can 
find a solution of the form 

= iv) '>Vr'>Vl and t;^ ^ — 

^ Ma^ ^ i;^ > Ma„ = Ma^vr 

Once this D-parity is broken, the gauge coupling constants ql and qr for the 
groups SU{2)l and SU{2)r, respectively, will evolve in a different way (since 
Ma^ ^ Maji) and hence at low energy, even before Glr is broken, gi ^ qr. 
Similarly, the Yukawa couplings and fR can also differ. 

The Ai mass is very high. If Ar is now in equilibrium, then only out- 
of-equilibrium decays of vr can generate the asymmetry. Otherwise if Al^r 
and Vr satisfy the constraint (|) then both A^ and vr will contribute to the 
generation of lepton asymmetry. 
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In all the scenarios considered here, the higgs scalars A^, and Aji and 
their interactions introduce new processes at low energies such as 



T^L + T^L ^ 1^1 + and z/L + — > z/£ + 

The rates for these processes are suppressed by M^^ and M~^. These again 
wash out the baryon asymmetry unless their rates are smaller than the expan- 
sion rate of the universe at the time of electroweak phase transition. These 



give further bounds on the mass scales [10, 11 



which are much weaker than the bounds on the mass scales from the non- 
equilibrium condition (H). 

In summary, we discussed the possibility of baryogenesis through lepton 
number violation in left-right symmetric theories. In this case the lepton 
number violating decays of the left-handed triplet higgs or the right handed 
neutrinos can generate the lepton asymmetry during the electroweak anoma- 
lous process which can then generate baryon asymmetry. On the other hand 
if these lepton number violating processes are in equilibrium then they can 
wash out any primordial {B — L) asymmetry. 
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Figure Captions 

Figure 1 Tree level and one loop diagrams for the decay of the left-handed triplet 
higgs scalars which generate lepton asymmetry 

Figure 2 One loop diagrams for the decay of the right-handed neutrinos which 
generate lepton asymmetry 
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